Indoor Unmanned Airship System Airborne Control Module Design  by YongXia, Gao & YiBo, Li
Physics Procedia 24 (2012) 1262 – 1268
1875-3892 © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of ICAPIE Organization Committee.
doi:10.1016/j.phpro.2012.02.189
Available online at www.sciencedirect.com
Physics
Procedia
          Physics Procedia  00 (2011) 000–000 
www.elsevier.com/locate/procedia
2012 International Conference on Applied Physics and Industrial Engineering 
Indoor Unmanned Airship System Airborne Control Module 
Design
Gao YongXia, Li YiBo 
Shenyang University of Aeronautics and Astronautics 
Shenyang,China 
Abstract 
By adopting STC12C5A60S2 SCM as a system control unit, assisted by appropriate software and hardware resources, 
we complete the airborne control module's design of unmanned airship system. This paper introduces hardware 
control module's structure, airship-driven composition and software realization. Verified by the China Science and 
Technology Museum special-shaped airship,this control module can work well . 
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1. Introduction 
Given that China's Science and Technology Museum shaped airship project requires to develop an 
airborne module, and the airship can work under the control of ground station, we design this module.This 
system includes grand station and airborne module, the main task of the first is to design control 
algorithm,the second is to complete motion control. The airborne module needs to have the following 
features: communicates with ground station and remote controller through wireless communication 
module; parses the received instructions according to established protocol and makes appropriate action; 
calculates the cycle redundancy code of received data to ensure the accuracy of communication data, and 
generates PWM signal to control the corresponding motor or steering gear of the airship throttle, direction 
and lift if data is right, otherwise gives up the wrong data; communicates with digital compass and sends 
the airship posture information obtained to the ground station ; connects with ultrasonic modules and gets 
distance from the airship to  front obstacle using the I2C bus , starting alarm music when distance is less 
than the distance that has set ; lightens up the illuminations under the command of ground station .The 
ground station analyses and changes the control data to airborne module according to programming track 
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and  gesture information of airship, in order to achieve real-time control of the airship according to the 
plan track.  
The function achieved by airborne module is relatively simple, whose control unit only requires two 
serial ports, three timers, and a few I/O ports . The STC12C5A60S2 has four 16-bit timers, two full-
duplex asynchronous serial ports and advanced instruction set architecture to meet the design needs of 
this system, so we choose it as the control unit of airborne module to realize system functionality.  
2. Hardware structure design 
Airborne module mainly includes STC12C5A60S2 MCU and its peripheral circuits, wireless 
communication module, electronic speed controller, digital compass, ultrasonic ranging module, lights 
and alarm music module, the system block diagram shown in Figure 1. 
Figure 1  System block diagram 
2.1 STR-30 Micro-power Wireless Module
1）STR-30 Wireless Module:
It provides a standard RS-232, RS-485 and UART interface mode, and can directly connect with 
computer, RS-485 device, microcontroller or other UART devices. Wireless module has a 9-pin 
connector (JP1), an antenna interface (ANT) and a set of jumper circuit breaker (JP2). Crowbar (JP2) is 
responsible for communication channel, type of serial two and communication data options. The three 
jumpers ABC of JP2 provide 8 options, users can determine the channel 0 to 7 by changing status of ABC. 
In a small communication network, as long as the ABC's jumper is in the same way, it can communicate 
with each other. It provides two serial ports, COM1 is fixed as the UART serial port at TLL level, COM2 
can select interface mode for the RS-485 or RS-232 by D-bit of JP2. JP2's E-bit is used to select whether 
the data with a parity bit or not.  
2）The Communication Protocol  Between Micro Controller And Ground Station
Whole agreement is initiated by ground station, which sends the command or data, the airborne micro 
controller replies. The data link from ground station to airship is called the uplink, otherwise is called the 
downlink. Uplink and downlink data use the same frame format, it is as follows: 
Head
One bit
Command 
 One bit
Data length
 One bit
   Data Field 
Variable Length
 Tail
One bit
AA  CC
For the steering commands, except for the frame header and frame end, the data transmits with 
character codes. Calculated as follows:the data pending to transmit divides 128, then transmits the 
quotient and the remainder, the CRC is expressed with characters that take up three bytes. The other 
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commands, but frame header and frame end, are all    sent with characters. All downlink data are without 
CRC.
When airship responses, if normal, there are data to send data without the need for response;otherwise, 
send the normal response command. Whether ground station or the airship, if the first one received byte is 
non-AAH, the receiver does not respond, and starts receive time-out timer from receiving the first byte, if 
it does not receive data completely during stipulated time, then automatically re-enters standby mode, and 
clears the data that has received. Transmitter works in the same way, when it finishes sending the last 
byte CCH, it should start time-out timer, if it not receive the response during the specified time, then 
delays and re-sends the command. The communication baud rate of airborne module is 19200 bit/s , we 
need select the wireless communication module that with corresponding baud rate . 
2.2 Electronic Speed Controller
Airship power is provided by various motors, whose output power is determined by its speed, while 
the motor's speed is controlled by electronic speed controller. PWM signal generated by SCM is imported 
to electronic speed controller that distributes power to motor according to the received signal, in order to 
serve the function of motor speed adjustment. The fundamental difference between brushless and brush 
electronic speed controller is that the brushless one converts the input DC power into three-phase AC 
power, providing power for the brushless motor. This module uses brushless electronic speed controller 
and brushless motor to control the direction and the throttle of airship.
2.3 Digital Compass
Digital compass HMR3300 has small volume, low power consumption and high precision. It can real-
time and accurately export the heading, pitch, roll status of measured object on the three directions. 
Microcontroller receives the airship attitude information from digital compass through serial port two , 
and controls the airship in accordance with the flight track. For HMR3300 communicates with external 
device through RS-232 interface or RS-485 interface,so it must be level-shifting circuit to communicate 
with the microcontroller, its communication baud rate is 19200bit/s. 
2.4  Ultrasonic Ranging Module
Ultrasonic ranging module, its measuring range is from 0.10 to 5.00 meter, accuracy is 0.01m. It 
measures without directly contact with measured object, and can clearly show stable measurement results. 
As the ultrasonic has strong directivity , low energy consumption and the long distance spreading in the 
medium, therefore it is often used in distance measurements. Airborne module measures the front 
obstacle distance using ultrasonic ranging module to achieve the purposes of avoiding obstacle. 
3. Software realization 
3.1 Main Program
The main program is mainly to complete the initialization, reading ultrasonic data and A/D data and 
feeding the dog and so on. To ensure the integrity of the digital compass data received by serial port two, 
the program separates the break into three levels, Timer 0 level the highest, followed by serial port 2 
interrupt, serial port 0 and Timer 1, PCA interrupt the bottom. There are four flags in program, they are 
dis_flag, ad_flag,pose_flag and shuju_flag, the first three were respectively corresponding to ultrasonic 
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data, A/D data and posture data returned by digital compass , if there has data then set the corresponding 
mark bit。If there has any data then set the shuju_flag. Process flow chart shown in Figure 2. 
Figure 2 the main program  flow chart
3.2 Timer 0 Interrupt Subroutine 
It is required the multiple PWM waves generated by hardware have same cycles to control multiple 
steering gears or motors work and its duty cycle are 20ms[1]. The positive pulse width of PWM signal that 
controls the steering gear is from 0.5 to 2.5ms, that of  motor is from 1 to 2ms. Program implementes the 
function that generates variable channels PWM signal which can be up to 8, the specific channels is 
decided by ground station. That uses SCM's internal timer 0 to count the generated pulse, each signal 
realizes by two interrupts , the first timer interrupt achieves positive pulse, then the negative pulse. The 
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two interruptions totally take up 2.5ms, that is a road PWM signal occupies 2.5ms, and 8 roads signal 
account for 20ms. For each signal, besides the positive pulse, the remaining 17.5 to19.5ms are low, thus it 
can ensure the cycle of each channel signal is 20ms, and can sequentially start rising edge of PWM waves, 
then generate PWM signal and improve efficiency. A variable increases one after the interruption to 
control entry of next interrupt , then clears it at the sixteenth interrupts in each cycle , so that it can 
achieve 8-output PWM control signals. Procedure uses double-buffering approach to ensure the data of 
timer does not change under the impact of data sent by ground station, and updates new data to count 
cache at the sixteenth interrupts. Program flow shown in Figure 3. 
Figure 3 Timer 0 interrupt program flow chart
3.3 Serial Port 0 Interrupt Subroutine 
SCM communicates with ground station and remote controller through Serial Port 0, in order to obtain 
the data that generates PWM signal. Program uses send interrupt and receive interrupt, and parses the 
received order in receive interrupt. For the data command, it calculates the cyclic redundancy check code 
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of received data and let the correct data as a parameter to calculate timer initial value , then stores the 
value in the array has defined.  
3.4 Data Transmission Subroutine 
Airborne module sends the command 'M' when it has data back to ground station , the format as 
following :  
AA Bits of data 
to identify
Data 
length 
Data area (posture,  
distance (3 bytes), A / D (2 bytes))
CC
Bit of data discrimination accounts for one byte ,whose last three bits can be used to indicate whether 
there are posture, distance and A/D data. The data sequence in data area successively are posture, distance 
and A/D data, if no former data then shifts later data forward in turn. s_mark is used to ensure the 
integrity of attitude data of send buffer,so we used this mark in serial port 1 interrupt. 
3.5 Timer 1 Interrupt Subroutine
Timer 1 interrupt subroutine has completed the function of communication time-out. Airborne module 
needs shut down timer 0 and stop to generate PWM signal when it does not receive command  if over the 
set time, the corresponding output I/O port is set to low. 
3.6 Serial Port 1 Interrupt Subroutine
Serial Port 1 interrupt is used for receiving the airship attitude information from digital compass. 
Having received a complete data, it will decide whether update the current data to the cache according to 
the status of flag s_mark , to prevent the original data being washed away by the new ones , and set up the 
marks pose_flag and shuju_flag. 
3.7 CRC Subroutine
In the realization of encoding cyclic redundancy code, generally there are two methods: hardware 
method and software law. Hardware method uses the division circuit to complete, in order to simplify the 
hardware, the software methods is used to achieve the module, the generator polynomial used is 0xA001. 
To reduce the computation of CPU, using look-up table approach to generate CRC. 
3.8 Read Ultrasound Data Subroutine
Airborne module communicates with ultrasonic module using I2C bus. I2C bus is composed by only two 
signal wires: serial data line SDA and serial clock line SCL. They are bi-directional lines, so the devices 
connecting to the bus must be a open-drain output or open collector, when the bus is idle, the two signal 
lines are high. Therefore, SDA and SCL signal lines must be connected to resistance to pull high to VCC. 
During the SCL is high, the data of SDA line needs to remain the same, it will change as next one status 
when the SCL jumps low. The start status and end status of I2C bus data transmission are produced by the 
master controller. The start signal: it begins to transmit data when SDA jumps low from the high level 
during the clock line SCL remains high . The termination signal: it terminates the transmission of data 
when SDA jumps high from the low level during the clock line SCL remains high [2].  
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4. Conclusion
Verified by actual airship, the airborne modules based on the communication protocol, can control the 
airship fly well under the control of ground station's algorithm, and has the attitude information of airship, 
A/D data and ultrasound data timely sent to the ground station, so as to control the airship fly preferably 
according to programming trajectory. 
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